Purpose -This paper analyses the interaction of two topics: Supply Chain Management (SCM) and the Internet. Merging these two fields is a key area of concern for contemporary managers and researchers. They have realised that the Internet can enhance SCM by making real time information available and enabling collaboration between trading partners.
Introduction
Enhanced competitiveness requires that companies ceaselessly integrate within a network of organisations. Firms ignoring this challenge are destined to fall behind their rivals. This integration of companies within a network has led to put more emphasis on Supply Chain Management (SCM). "SCM is the management of upstream and downstream relationships in order to deliver superior customer value at less cost to the supply chain as a whole" (Christopher, 1998) . The integral value of the SCM philosophy is that "total performance of the entire supply chain is enhanced when we simultaneously optimise all the links in the chain as compared to the resulting total performance when each individual link is separately optimised (Burke and Vakkaria, 2002) .
Recent technological developments in information systems and information technologies have the potential to facilitate this coordination, and this, in turn, allows the virtual integration of the entire supply chain. The focus of this integration in the context of Internet-enabled activities is generally referred to as e-SCM. Merging these two fields (SCM and the Internet) is a key area of concern for contemporary managers and researchers. Managers have realised that the Internet can enhance SCM decision making by providing real-time information and enabling collaboration between trading partners. Many companies have implemented pointof-sales scanners, which read, on real time, what is being sold. These companies do not only collect information on real-time to make decisions about what to order or how to replenish the stores; they also send this information, through the Internet, to their suppliers in order to make them able to synchronise their production to actual sales.
The recent proliferation of papers on SCM and the Internet related topics explain the increasing interest of researchers for this area. There is a growing stream of literature attempting to better understand the impact of the Internet on different SCM activities (planning, distribution, design, etc.) . However, there is a disjointed scattering of research activity that fails to clearly represent what should be understood by e-SCM, what we currently know about the effects of the Internet on SCM and what we still need to learn.
Many researchers have examined the work done in the field of Operations Management and SCM, see for example Prasad and Babbar (2000) and Pannirselvam, Ferguson et al. (1999) . Although this type of papers is very useful to give insights on research directions, we have found so far only two literature reviews on the e-SCM topic: Johnson and Whang (2002) and . Our paper follows the same methodology as these two papers, but it differs from them in the framework used to classify the papers. Johnson and Whang (2002) classified the papers into three categories: e-commerce, e-procurement and ecollaboration. classified the papers according to what they called the major components of IT-enabled SCM: strategic planning for IT in SCM, virtual enterprise and SCM, e-commerce and SCM, infrastructure for IT in SCM, Knowledge and IT management in SCM, and implementation of IT in SCM. The main objective in this paper is to identify the major issues surrounding the impact of the Internet on SCM, using a classification scheme and developing a framework based on the idea that SCM is the management of supply chain processes.
Given the importance of e-SCM and its impact on research and business, our motivation is to provide a literature review in a similar way as it has been done by the previous cited authors. The main objective of the present work is to provide practitioners and academicians with a comprehensive source of information to draw from, and help them identifying areas and directions for future work.
The aim of this research is to consolidate the existing research efforts concerning the impact of the Internet on SCM, and to identify promising areas for study. In particular, the objectives of this study are:
1. To define what can be understood by e-SCM.
2. To determine if e-SCM has been acknowledged as an outstanding topic in the most prestigious Operations Management and Logistics journals.
3. To identify the main topics of e-SCM during the period 1995-2003. 4 . To identify the methodologies used in the existing literature.
5. To present a literature review of the main topics on e-SCM.
6. To identify implications and directions for future research.
The work is organised as follows, in section 2 we present a definition of e-SCM. In section 3, we provide a description of the research methodology followed in this work. In section 4, we present a summary of the research results. In section 5, for each e-SCM topic, we provide a literature review and some directions for future research. And, finally, in section 6 we present some conclusions.
Defining e-SCM
As Croom (2005) pointed out very recently, there is some debate about the scope of SCM. For example, Oliver and Webber (1992) and Houlihan (1984) used the term SCM for the internal supply chain that integrates business functions involved in the flow of materials and information from inbound to outbound ends of the business. Ellram (1991) viewed SCM as an alternative to vertical integration. Cooper, Lambert et al. (1997) defined SCM as "the integration of key business processes from end user through original suppliers that provides products, services, and information that add value for customers and other stakeholders". And, Christopher (1998) defined SCM as the management of upstream and downstream relationships. Croom (2005) suggested that one way of dealing with the diversity of SCM definitions is to concentrate on the core processes and functions relating to the management of supply chains (for example, fulfilment, operations planning and procurement).
In the literature there is a diversity of models suggesting which are the main supply chain processes. For example, the Supply Chain Operations Reference (SCOR) model developed in 1996 focuses on five key processes: plan, source, make, deliver, and return. Cooper, Lambert et al. (1997) defined SCM taking into account the eight supply chain processes identified by the International Centre for Competitive Excellence (now named Global Supply Chain Forum): customer relationship management, customer service management, demand management, fulfilment, procurement, manufacturing flow management, product development and commercialisation, and reverse logistics. Hewitt (1994) found that executives identify up to fourteen business processes. As a result, a definition comprising a number of processes closer to fourteen might provide more detailed information for practitioners and researchers. Accordingly, from the two previous models we decided to adopt the definition of SCM provided by Cooper, Lambert et al. (1997) . This definition has been widely referred to (see for example, Romano and Vinelli, 2001; Cagliano, Caniato et al., 2003; Mills, Schmitz et al., 2004; Cousins, 2005; and Danese, Romano et al., 2006) .
Following the definition of SCM of Cooper, Lambert et al. (1997) , we define e-SCM as the impact that the Internet has on the integration of key business processes from end user through original suppliers that provides products, services, and information that add value for customers and other stakeholders. The main objective of this paper is to identify the major issues surrounding the impact of the Internet on SCM, focusing on supply chain processes.
The Internet can have three main impacts on the supply chain. One of the most covered topics in the literature is the impact of e-commerce, which refers mainly to how companies can respond to the challenges posed by the Internet on the fulfilment of goods sold through the net. Another impact refers to information sharing, how the Internet can be used as a medium to access and transmit information among supply chain partners. However, the Internet not only enables supply chain partners to access and share information, but also to access data analysis and modelling to jointly make a better planning and decision making. This jointly planning and decision making is the third type of impact of the Internet on SCM and we refer to it as knowledge sharing 1
The Internet can provide companies the ultimate benefits of reducing costs, improving service, enhancing customer satisfaction and retaining competitive advantage. These benefits derive from the impact of the Internet on different supply chain processes. The Internet enables companies to collaborate with business partners to improve forecasting and planning, which leads to stock and stock-out reductions (which means lower costs and improved service). This technology can also be used to communicate with the customer, leading to a better customer service. The Internet also enables companies to access and share data along the supply chain, making the fulfilment process more efficient. Web-based technologies can also have a positive impact on the manufacturing flow management, as the sharing of information about demand and supply capacity can make the product flow through the manufacturing facilities more efficient. The Internet can also improve the efficiency of the procurement process.
.
Although the implementation of web-based technologies possesses great potential for cutting costs and driving efficiencies, this process generates some cultural and technical concerns (Chou et al., 2004) . Collaboration is based on the efforts of trust and commitment and cooperative norms; and it requires corporations to overcome the natural resistance to reveal business secrets to their partners (Chou et al., 2004) . Regarding the technical concerns, the biggest ones stem from the insecure nature of the Internet and the challenge of application integration among trading partners (Chou et al., 2004) .
Research methodology

Journals chosen
This paper reviews the literature in academic journals where Operations Management and Logistics academics and practitioners publish. Although there are some published books that include a comprehensive collection of research papers on the topic (see for example, Cheng, Webb et al., 2004; Simchi-Levi, Wu et al., 2004; and Geunes, Akcali et al., 2005) , this paper will focus on a review of research published on academic journals. The objective is to collect, organise and synthesise existing knowledge relating to SCM and the Internet. We have made a literature review of thirteen Operations Management and seven Logistics journals for the period 1995-2005. Operations Management journals have been
We started our analysis in 1995 because a taxonomy analysis carried out by Alfaro, Alvarez et al. (2002) permitted to determine that in 1995 just only about 2% of published papers in prestigious Operations Management journals were dedicated to SCM. Also, the Internet is a recent information technology. As a result, the research dedicated to SCM and the Internet before 1995 must be very limited. Due to the existence of multiple words related to the topic, we spent substantial time in the traditional and electronic library system sorting through the academic and business journals reviewing titles, abstracts and manuscripts. The topics we used to search were: Internet, e-commerce, B2B, B2C, e-SCM, electronic supply chain and information technologies. In total we collected 174 articles.
Classification methodology
We classified the articles by topic areas and by research methodologies. In order to classify the papers by topic we developed a framework which is shown in figure 1 . As previously stated, following the definition of Cooper, Lambert et al. (1997) , e-SCM is defined as the impact that the Internet has on the integration of key business processes from end user through original suppliers that provides products, services, and information that add value for customers and other stakeholders. As a result, a set of topics are related to the processes proposed by Cooper, Lambert et al. (1997) : customer relationship management, customer service management, demand management, e-fulfilment, e-procurement, manufacturing flow management, product development and commercialisation, and reverse logistics. These set of topics are represented in Figure 1 under the concept of SCM processes. In section 5, we describe in detail each one of these topics. Although we were interested on focusing on the impact of the Internet on the supply chain processes identified by Cooper, Lambert et al. (1997) , in our classification we added some topics that are related with SCM enablers, such as supply chain relationships, planning and optimisation tools and information flows. The topic of supply chain relationships was used to classify the papers that analyse the impact of the Internet on the management of supply chain relationships. The papers classified under the planning and optimisation topic are the ones that apply planning and optimisation systems based on decision models and technologies to several SCM processes. And, information flows comprises the papers that describe how information flows along the supply chain by means of Internet technologies.
Finally, we added two topics: industry structure and competitive challenges, and impact on performance. The first refers to the impact of the Internet on the industry structure and how companies are responding to competitive challenges using the Internet, and the latter refers to the impact of e-SCM on performance.
In order to classify the papers according to the methodology, we used four categories: conceptual, literature review, empirical and decision models. In the conceptual category we classified all papers that describe or present an aspect of e-SCM. In the literature review category we classified the papers whose main objective was to present a review of the work done on a specific topic. In the empirical category we considered the papers based on the results of case studies, surveys or web scans. And, finally, in the decision models category we classified all papers that apply decision technologies, such as mathematical and optimisation models, exact and heuristic solution methods, simulation, economic models, game theory, etc., to help managers to make better decisions.
In order to classify the papers and minimise questions in this process, we listed the possible subtopics by topic. However, we still found some papers whose classification was not easy. In these cases, all the authors were conferred and discrepancies were discussed until a consensus was reached.
When we were addressing the classification according to the methodology used in each paper, we realised that researchers sometimes use more than one methodology. In these cases, we identified all the methods and tried to determine the main contribution of each one to the 
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achievement of the objective of the paper. We, therefore, classified the paper in the methodology category according to the methodology that contributed most to the objective of the paper. For example, one of the papers developed a web dynamic Available-To-Promise system and tested it in a case study. This paper was classified in the decision models category because the main objective of the paper was to develop the system.
Research results
In this section we analyse the information obtained and provide answers to the following research questions: 1) Has e-SCM been acknowledged as an outstanding topic in the literature in the most prestigious journals of Operations Management and Logistics? 2) Which are the e-SCM topics covered in the most prestigious journals of Operations Management and Logistics? and 3) Which is the methodological profile followed by the e-SCM papers published in the most prestigious Operations Management and Logistics journals? In section 5, for the impact of the Internet on each supply chain process we present a literature review and identify some lines of further research. Table I shows the distribution of articles along the time and the journals. As it can be appreciated in Table I , the total number of papers related to e-SCM topics in the Operations Management and Logistics journals has increased considerably. In the 1995-1999 period, there were only twelve articles while after the year 1999 the number of papers published by year increased considerably. Only in one year (2000) the number of papers published was similar to the number of papers published during the previous five-year period (1995-1999) . And, during the last three years of the period analysed (2003 to 2005) more than thirty papers per year have been published. The increase in the number of e-SCM papers has been bigger in the Operations Management journals than in the Logistics journals. This demonstrates that the e-SCM topic has gained importance in the research agenda, especially in the Operations Management journals. From the twelve articles published during the first period (1995) (1996) (1997) (1998) (1999) , there are only two papers published in 1995 and three papers published during the year 1996. This suggests that the starting year of the interval object of our research (1995) can be justified.
Has e-SCM been acknowledged as an outstanding topic in the literature in the most prestigious journals of Operations Management and Logistics?
For each journal, Table I shows the total number of papers related to the e-SCM topics in absolute and relative terms. In absolute terms the journals with a highest number of e-SCM papers published are: SCM, IJPDLM and MS. In relative terms (approximate percentage of e-SCM papers over the total number of papers published), the journals with a highest percentage are, as expected, some Logistics journals: SCM, JSCM, IJPDLM and JPSM. It has also to be pointed out that the rest of the Logistics journals have a higher percentage than most of the Operations Management journals. Only CMR and POM have a higher percentage than the Logistics journals with the lowest scores (JBL, JEIM and TIJLM). 
Which are the e-SCM topics covered in the most prestigious journals of Operations Management and Logistics?
Table II shows the topics used to classify the articles and the number of papers published on each one. As it can be appreciated in this table, the topics more covered by the existing literature are: e-procurement, e-fulfilment and information flows. The topics least covered are: demand management, customer relationship management, customer service management, and returns and reverse logistics. If we had included Marketing journals in our analysis we would probably have found a higher number of papers under the demand management, customer relationship management and customer service management topics. What is surprising is the reduced number of papers covering the impact of the Internet on the returns and reverse logistics process despite the increasing importance of this process. However it must be pointed out that the papers on the impact of the Internet on the reverse logistics are quite recent. We expect to find more papers covering this topic on the future. Other processes that require further study are the manufacturing flow and the product development processes, as they have also been covered by few papers. Nine papers have analysed the impact of the Internet on several supply chain processes and we expect a higher number of papers under this topic in the near future. Regarding the impact of the Internet on the performance and the industry structure, few papers have considered these topics and most of the existing papers on this topic have been published very recently. Table III shows the research methodologies used in the papers contained in our database. The methodologies most used by the existing papers are empirical (surveys and case studies), decision models and conceptual. Each one of these methodologies was used approximately by one third of the papers. Only seven out of the 174 papers analysed conducted a literature review and only two of them focused on the impact of the Internet on SCM. This highlights the need of a study like the one we provide in this paper, as it tries to clearly represent what we currently know about the effects of the Internet on SCM and what we still need to learn.
Which is the methodological profile followed by the e-SCM papers published in the most prestigious Operations Management and Logistics journals?
The conceptual methodology has been used in almost all the topics. The literature review methodology has been used to analyse e-procurement, product development, several supply chain processes simultaneously, and planning and optimisation. All the topics, except demand management, and planning and optimisation have been analysed through an empirical methodology. Decision models have also been used in most of the topics (the topics not covered by this methodology have been the industry structure and the ones more related with the Marketing area: customer relationship management, customer service management and demand management). In section 5, for each topic we provide an analysis of the methodologies used and identify further lines of research. In the appendix, we provide a table showing the papers classified under each topic and the methodology followed in each paper.
Literature review and classification
In this section, for each one of the supply chain processes we provide an analysis of the impact of the Internet on it, a summary of the existing studies and some directions for further research. The analysis of the remaining topics (Supply chain relationships, Information flows, Planning & optimisation, Industry structure and competitive challenges and Impact on performance) is covered in another paper.
The customer relationship management process
The customer relationship management (CRM) process provides the structure for how the relationship with the customer is developed and maintained (Croxton, García-Dastugue et al., 2001 ). This process includes identifying key customers, segmenting them and tailoring products and services to their needs. The process also includes all activities related to working with customers in order to (1) improve processes, (2) eliminate demand variability and nonvalue added activities, and (3) develop agreements of metrics.
What is the impact of the Internet on this supply chain process? We can distinguish two different types of impacts: Internal and downstream. Internal effects refer to the impact of the Internet on the focal company. For example, through the Internet, all business units can have access to the same information about each customer. This means that all business units will be able to negotiate and relate with customers taking into account the same information.
The downstream effects refer to the impact of the Internet on the relationships with customers. One of the most important aspects of the downstream effects is that web sites allow companies to collect data as users navigate around them. This means that the Internet can generate a large amount of data, which can be very useful to CRM if it is analysed properly with Operations Research (OR) models (Geoffrion and Krishnan, 2001; . This has motivated the development of OR-based tools for predicting individual consumers' purchasing behaviours, leading to improvements in forecasting and inventory deployment . Another downstream effect of the Internet is that it allows companies to provide new services to customers, increasing the companies' products and services offerings.
Boyer, Hallowell et al. (2002) and Småros, Holmström et al. (2000) cover the downstream effect related to increasing the products and services offerings. Scullin, Fjermestad et al. (2004) review the downstream effect of the impact of the Internet on the relationships with customers and the internal effect of how to manage the customer information within the company. Finally, Tsikriktsis, Lanzolla et al. (2004) review the antecedents of the adoption of e-CRM. The papers of Geoffrion and Krishnan (2001) and , which cover the aspect related to the analysis of the data gathered through the Internet, have not been classified here because they describe some OR tools for planning and optimising different processes (and not only the CRM process).
Further research regarding this process should try to analyse how different business units can use the same customer data. Future research should also try to determine what specific type of integration alternatives are available for organisations working with rapidly changing CRM and SCM support technologies. Future studies should also develop decision and OR tools to analyse the large amount of data gathered through the Internet. And, finally, researchers should also provide more empirical studies showing how the Internet is used to provide different product and service offerings (as it can be appreciated in Table IA in the appendix only one of the existing papers related this topic is empirically based).
The customer service management process
The customer service management process provides the firm's face to the customer (Croxton, García-Dastugue et al., 2001) . It should be the single source of information to the customer. Real-time information is provided to the customer through interfaces with the firm's functions, such as operations and logistics (Croxton, García-Dastugue et al., 2001 ). This process includes strategic aspects, such as the development of the response procedures and the establishment of the infrastructure needed to respond. The process also includes tactical aspects, such as the recognition of the events that require a response, the implementation of the responses and the control of the process.
The most important impacts of the Internet on this process are in the internal and downstream parts of the supply chain. In the downstream part of the supply chain, the Internet can be used (1) to recognize events and listen to the customer, and (2) to communicate the response procedure to the customer. In the internal part of the process, the Internet can be used to enable information sharing on real time among different business units and among different functional areas of a firm. This internal information sharing will improve the response of the company to any event.
Ellinger, Lynch et al. (2003) and Rae-Smith and Ellinger (2002) cover the downstream part of the process, showing some examples of how companies communicate with their customers through the Internet. Papathanassiou, Kardaras et al. (2003) cover not only the downstream part of the customer service management process but also the internal one. All three papers are empirically based and cover the information sharing impact of the Internet. Further research should follow the perspective of Papathanassiou, Kardaras et al. (2003) in order to analyse intra-organisational and inter-organisational effects simultaneously. Cases showing how different business units share information on real time to provide a better customer service will be very valuable.
The demand management process
The demand management process needs to balance the customers' requirements with the firm's supply capabilities (Croxton, García-Dastugue et al., 2001 ). This includes forecasting demand and synchronising it with distribution, production and procurement.
The Internet impacts this process along all the supply chain. Information sharing about actual sales enables companies to improve their forecasts. This affects the internal part of the supply chain (the focal company), but it also affects its upstream and downstream links. For example, in the grocery industry a manufacturer can receive information about the actual sales of its products at the stores. Internally, this information sharing can improve its forecasts, leading to an improvement in production planning and a reduction in stock levels. Downstream, this information sharing enables the customer (the grocery company) to eliminate the replenishment orders, because replenishment decisions can be made by the manufacturer. This means that the grocery customer reduces its order process costs and the stock levels (because its supplier's forecasts are better and stock-outs have decreased). Upstream, the information obtained about actual sales can be also shared with the focal company's suppliers. This improves the suppliers' forecasts, leading to an improvement in their production planning and a reduction in stocks.
The Internet affects this process along the supply chain, not only on the information sharing aspect, but also on the knowledge sharing aspect. The Internet not only enables the supply chain partners to access and share information, but also to access data analysis and modelling to jointly make a better planning and decision making. Decision technologies that offer the access to this knowledge, or the tools to obtain it, will become an important issue in the future (Swaminathan and Tayur, 2003; . One example of this knowledge sharing is Collaborative Planning Forecasting and Replenishment (CPFR). In these programs, customer, focal company and supplier do not only share information, they also plan together. In a CPFR program a forecasting support system is hold on an Internet server. This support system is updated with data from actual sales and other information provided by the grocery company and the manufacturer and provides the forecasts to the grocery retailer, the manufacturer and its suppliers. In September 1999, Henkel and Eroski (a Spanish grocery retailer) initiated a CPFR program. It resulted in an important improvement in the forecasts of both companies. Before implementing the program, half of the forecasts had a forecasting error higher than 50%. Nine weeks after the implementation of the program, 75% of the sales forecasts had an error lower than 20% (Jouenne, 2000) .
We only found one paper analysing the impact of the Internet on this process. McGuffog and Wadsley (1999) cover the information and knowledge share aspects of the Internet and consider the effects of e-commerce and collaborative planning on the supply chain. Further research should consider empirical analysis to determine the level of implementation of collaborative planning (such as CPFR) and collaborative replenishment (such as CRP) systems in different industries and the effects of this knowledge sharing on the performance of the supply chain. Collaborative planning includes the forecasting aspect of the demand management process, while collaborative replenishment covers the synchronisation part of this supply chain process. Research on decision models that can help managers to make collaborative planning along the supply chain is also needed. We think that multi-decision models which consider the objectives of different companies will play an important role in these decision and planning systems.
The e-fulfilment process
Order fulfilment is related with the effective management of all the activities needed to deliver the order to the customer. At the strategic level, there exists the need to design an efficient supply chain to enable a timely and accurate order fulfilment. At the operational level, the order fulfilment process consists on defining the following activities: generating, communicating, entering, processing, picking and delivering customer orders (Croxton, García-Dastugue et al., 2001) . In a way, this process is about the integration of the manufacturing, logistics and marketing functions to ensure customer satisfaction and reduce total cost before, during and after the order fulfilment.
The impact of the Internet on the order fulfilment process has two main aspects. The first one is related to e-commerce and consists on fulfilling the customer orders placed through the Internet. While for customers the Internet has made the placement of orders more efficient, for the selling companies (of physical goods) the order fulfilment has become a critical operation (it is very costly and it is a key operation to obtain customer satisfaction). Lee and Whang (2001) comment that to obtain an efficient order-fulfilment, new innovative strategies based on a good use of information and leveraging of existing resources must be applied.
The second aspect is related to the use of the Internet to improve the efficiency of the order fulfilment process for both online and offline businesses. The order fulfilment process requires the access and manipulation of a large amount of data, from customer orders to inventory levels. Therefore, the advantage of accessing and sharing data along the supply chain using Internet technologies can make this process more efficient and less costly. The possibility of all partners in a supply chain to see customer orders on real-time, or near realtime, can lead to a significant reduction of variability and costs and, at the same time, improve the responsiveness of the firm. However, firms can go a little further and use this data to generate knowledge by applying sophisticated analytical tools to anticipate changes and be better prepared to respond to customers' demand. At the operational level, these tools can go from statistical forecasting methods to analyse customer orders, to inventory systems to obtain the optimal inventory, and/or to vehicle routing systems to design the most efficient delivery routes. And, at the strategic level, these analytical tools can be used to design the most efficient supply network.
In the literature review regarding the fulfilment process, one of the most covered impacts is how to deliver the goods sold through the e-commerce channel. This impact has been studied by the following authors: Punakivi, Yrjölä et al. The directions for further research can enter into one of the following categories: (1) better use of information and the creation of knowledge by using actual and new analytical and decision tools; (2) new strategies applied to the e-fulfilment activities; and (3) more empirical research work, including case studies and business models about the implementation of efulfilment.
With respect to the first line of further research, the access to more data and information will put more emphasis in global optimisation along the entire supply chain, instead of the usual models that focus on local optimisation. More work considering the global supply chain is expected in this area. Also, more models using multi-criteria decision making that reflect the integration and collaboration aspects of the e-fulfilment process should be the subject of future work.
Regarding the study of new strategies for the e-fulfilment activities, one problem that seems to need more research is the so-called last mile. New delivery solutions or strategies that can combine profitability and service are still needed. The use of knowledge management, operations research and simulation techniques will be a must in the solution of this important problem of the e-commerce for physical goods. Further research should also focus on empirical studies, as very few papers on this process are field-based.
The manufacturing flow management process
The manufacturing flow management process deals with making the products and establishing the manufacturing flexibility needed to serve the target markets (Croxton, García-Dastugue et al., 2001) . The process includes all activities necessary for: (1) managing the product flow through the manufacturing facilities, and (2) obtaining, implementing and managing flexibility (Croxton, García-Dastugue et al., 2001 ).
The Internet can have a positive impact on both aspects of the manufacturing flow management process. On one hand, the Internet provides the opportunity for demand and supply capacity data to be visible to all companies within a manufacturing supply chain, and therefore, the product flow through the manufacturing facilities can be improved. This visibility allows companies to be in a position to anticipate demand fluctuations and respond accordingly. The main effect of that is to reduce stocks and compress lead times. On the other hand, the Internet allows companies to be more flexible to respond to changes in demand. The Internet reduces the production cycles due to an increase in the speed of communication. "Companies like IBM, General Motors, General Electric and Boeing are assembling products for which the components are manufactured in many locations ... Using electronic bidding, assemblers get sub-assemblies up to 80 percent faster" (Gudmundsson and Walczuck, 1999) .
The Internet impacts on the manufacturing flow management process along all the supply chain. On one hand, the Internet can have an impact on how a company manages the internal part of this process. For example, a company can implement an Internet-based production planning system to analyse the production requirements and plans of the different manufacturing facilities the company has. This system would improve the decision-making process of the production planners and sales personnel and would reduce planning inaccuracies. Xiong, Tor et al. (2003) and Abid, D'amours et al. (2004) develop decision models to improve customer satisfaction by sharing knowledge in the manufacturing flow management. They propose different collaborative planning systems which can be used jointly with other functional areas, such as sales and marketing. Ko, Kim et al. (2001) propose a system in which the central planning is developed in collaboration with external manufacturing partners with surplus capacity.
On the other hand, the Internet can have an impact on how the operations of the whole supply chain are managed. Kehoe and Boughton (2001a) and Kehoe and Boughton (2001b) suggest that the supply chain will change from an order-driven-lot-sizing approach to one more akin to a capacity-availability-booking approach supported by appropriate Internet search engines. And, Bruun and Mefford (2004) analyse the impact of the Internet on lean production systems.
Regarding the manufacturing planning and control systems, the academic challenges are to develop alternative business models, as well as to determine the tools and techniques by which the benefits from such models can be demonstrated to practitioners (Kehoe and Boughton, 2001a) . Further research should also be more empirically based. Finally, researchers should develop more decision models that take into account the global aspects of the supply chain to help improving the manufacturing planning.
The e-procurement process
The procurement process relates a firm with its suppliers and it is a fundamental process in SCM. At the strategic level, the firm must define the corporate, manufacturing and sourcing strategies and identify the products and services that should be acquired from outside (Croxton, García-Dastugue et al., 2001) . And, at the operational level, all the procurement activities, such as reviewing suppliers, identifying opportunities, and developing and implementing product or service agreements, should be developed and controlled (Croxton, García-Dastugue et al., 2001) .
The e-procurement process supports the procurement and sourcing activities via Internet technologies and enables an efficient negotiation between buyers and suppliers. We distinguish two types of e-procurement: marketplaces and B2B. Marketplaces bring multiple buyers and sellers together in a virtual market, meanwhile B2B e-procurement is a one to one relationship.
Since the procurement or supplier relationship process consists on a relationship between businesses and needs a large amount of information sharing and transfer, the use of the Internet has had a big impact on this process. Several firms have implemented e-procurement solutions not only to reduce costs, but also to make more efficient this key process. The major impact of the Internet on the procurement process is certainly on information sharing, since this process involves retrieving, sharing and storing a large amount of data and information. However, knowledge sharing is becoming also a key issue in this process. Firms can apply analytical models to previous data and obtain important information to make better decisions (Swaminathan and Tayur, 2003) .
We have subclassified the papers on this topic on 5 categories: general aspects of the use of the Internet on the procurement process, marketplaces, e-auctions, B2B procurement, and decision models for procurement decisions in an Internet environment. The general aspects of how firms use the Internet to streamline the process and which are the factors leading to a higher willingness to adopt Internet procurement have been covered by the following papers: Brenner and Hamm (1996) , Min and Galle (1999) , de Boer, Harink et al. (2002), Boyer and Olson (2002) , Kaufmann and Carter (2002) , Olson and Boyer (2003) , Bartezzaghi and Ronchi (2004) , Ordanini (2005) and Saeed, Malhotra et al. (2005) . Croom (2000) also conducts an empirical study on the use of the Internet on the procurement process but he focuses on maintenance, repair, and operating (MRO) supplies.
The role and benefits of marketplaces have been covered extensively. Marketplaces are described by Gudmundsson and Walczuck (1999) , , Kaplan and Sawhney (2000) , Mahadevan (2000) , Wise and Morrison (2000) , , Emiliani and Stec (2002a) and Emiliani and Stec (2002b) ; and empirically analysed by Hohner, Rich et al. (2003) , Mahadevan (2003) , Bartezzaghi and Ronchi (2004) and Smart (2005) . Essig and Arnold (2001) analyse the possibilities of marketplaces for buyers and develop an analytical framework. Finally, other authors, such as Grieger (2003) and Kleindorfer and Wu (2003) conduct a literature review on the topic of marketplaces.
The topic of auctions using the Internet has also been covered by several authors. See for example , Carr (2003) , Pinker, Seidmann et al. (2003) , Snir and Hitt (2003) , Emiliani and Stec (2004) B2B e-procurement has been covered by some authors, however, it has not been so studied as the marketplace topic. Deeter-Schmelz, evaluate the impact of supplier support on buyers' adoption of the Internet for corporate-related purchasing activities while Calosso, Cantamessa et al. (2003) present an Internet platform for B2B procurement. Knudsen (2003) and Sparks and Wagner (2003) cover this topic from a descriptive point of view presenting main concepts and frameworks applied to different B2B procurement processes.
Finally, the application of decision models to e-procurement strategies and marketplaces has also a relevant presence in the literature. Authors like Lee and Whang (2002) , Peleg, Lee et al. (2002) , Wang and Benaroch (2004) , Scott and Scott (2004) , Seifert, Thonemann et al. (2004) , Hazra, Mahadevan et al. (2004) , Granot and Sošic (2005) , Metty, Harlan et al. (2005) and Wu and Kleindorfer (2005) have developed decision models to help managers make decisions regarding procurement and pricing strategies, operating cost reductions of marketplaces, and the structure of the optimal portfolio of transactions. Roberts and Mackay (1998) discuss how e-commerce may be used to support a portfolio of supplier relationships and use the case of BT Supply Management who has developed a supplier relationship framework to categorise suppliers and select the most appropriate eprocurement strategy. As the focus of this paper is more on matching supply chain relationship with the type of e-procurement tool, we have classified this paper under the supply chain relationship topic.
The e-procurement process is one of the most studied within the e-SCM literature. The topics most covered are marketplaces, auctions and the development of decision models for procurement decisions in an Internet environment. The benefits of using the Internet on the procurement processes have also been well analysed through empirical studies. However, we have identified some research gaps: More studies regarding the benefits and implementation barriers of using B2B procurement should be conducted. Further research should also compare the benefits of B2B with respect to the EDI technology. Also, more studies (like the one by Roberts and Mackay (1998) ) should analyse how to strategically segment eprocurement strategies (for example, for which products/relationships are more suitable B2B applications and for which products/relationships are more appropriate marketplaces).
The product development and commercialisation process
The product development and commercialisation process is critical to the success of the firm. It is the set of activities that companies should undertake to successfully develop and launch products. According to (Croxton, García-Dastugue et al., 2001) , this process includes the following subprocesses or activities: defining new products, establishing the cross-functional product development team, designing and building prototypes, determining the distribution channel for the new product, and measuring the process performance. The process includes integrating customers and suppliers into the product development in order to launch the right product and to reduce the time to market. For example, Microsoft used a web collaboration tool to bring the Xbox video game console to market two months ahead of schedule (Keenan and Ante, 2002) .
What is the impact of the Internet on this process? One of the most important impacts is to enable collaboration among different functional areas and companies. Internet-based product development can make product design a truly collaborative process among designers, manufacturers, suppliers and customers without the limitations of geographical location and time zone . Taking the perspective of a focal company, we can distinguish three types of effects: internal, downstream and upstream effects. Internal effects refer to the impact of the Internet on the focal company. The Internet enables the collaboration of different functional units in the new product development process. Downstream effects refer to the impact of the Internet on the relationships with customers: the Internet facilitates the involvement of customers and/or end-users in the design of new products, increasing the response of the company to the customer wants and needs. The company can also use the Internet to study the market in a faster and cheaper way. And, the upstream effects refer to the impact of the Internet on the relationships with suppliers: Suppliers can be involved in the process as early as possible in order to reduce costs and compress the time to market.
In the literature review on this topic, we found that the internal aspects were covered by Xie and Salvendy (2003) and Xie, Xu et al. (2005) , while the upstream impacts were analysed by Elliman and Orange (2000) and the downstream ones by Finch (1999 and Xie, Tu et al. (2001) . Finally, Xie, Tu et al. (2003) presented a literature of the existing one-of-a-kind products systems and analysed the recent approaches of Internet-based design and manufacturing systems. They focused on Internet based-collaborative design along the supply chain, covering the internal, upstream and downstream effects.
The existing studies have covered the areas of information and knowledge sharing, and the upstream, internal and downstream perspectives. However, only one study, out of the seven found, is empirically based. Further research should put more emphasis on conducting empirical studies in order to determine the real use and advantages of using the Internet in the product development and commercialisation process.
The reverse logistics and returns process
Effective returns management is a key process in today's business. The returns policy is one of the most attractive tools to stay competitive (Rogers and Tibben-Lemke, 1999) . This process includes all the elements in a supply chain and involves decisions on return avoidance practices, gate keeping, disposition guidelines, development of a returns network and flow options (Croxton, García-Dastugue et al., 2001) .
How can the Internet help this process? Managing returns involves managing different types of data: reasons for return (defective, in warranty, old, etc.) , conditions of the product, point of return, instructions to customers, etc. The major impact of the Internet on this process consists on providing better information and knowledge to all members of the supply chain involved in this process.
Another impact of the Internet on the returns process is related with e-commerce. Ecommerce generates more returns than the traditional commerce (Gentry, 1999; Meyer, 1999) . Handling these returns efficiently is, without any question, an important issue for companies selling through the Internet. Not only because the volume of returns is higher in the e-commerce than in the traditional channel, but also because the logistics involved is different. For example, in the traditional commerce, a customer that wants to return a product (within a few days of having bought it) he just has to go back to the store and return it. On the Internet channel this is different: How should the product be returned? Who should pay for this return? And, what should be the best supply chain structure to recover these products efficiently? It is not clear that the same structures of the direct supply chain should be used. Designing efficient close-loop supply chains is a key element to improve the reverse logistics and returns process, and the Internet can play an important role on this aspect.
In the literature review regarding this process, the existing papers cover both types of impact: sharing information through the Internet and returns of e-commerce sales. Spengler and Schröter (2003) provide a case study to show how an Internet tool can be used to provide information to all members of the supply chain involved in the returns process. van Nunen and Zuidwijk (2004) describe the impact of information and communication technology, including the Internet, on the three perspectives of a Close-Loop Supply Chains: processes, products and customers. Vlachos and Dekker (2003) provide a mathematical model to better manage the returns for Internet sales, and Mukhopadhyay and Setoputro (2004) analyse, for eretailing businesses, the trade off between the increased revenue due a generous returns policy and the increased cost due the increased quantity of products return.
In the next future, we expect the development of decision models to solve the problems related to the huge amount of returns associated with e-commerce. Some lines of further research are: the dynamic estimation of expected demand of serviceable returns (Vlachos and Dekker, 2003) , inventory models considering returns, production planning including recoverable parts and assemblies (Soto and Lourenço, 2002) , routing and distribution systems to handle returns, etc. Also, the possibility of sharing, through the web, information related to the returns puts more emphasis on developing analytical tools to help decision makers. More studies like the one provided by Spengler and Schröter (2003) are expected. Finally, researchers should also focus on the design of closed-loop supply chains that make use of the Internet to manage efficiently the recovery of the return products, as the work of van Nunen and Zuidwijk (2004) does.
Impact of the Internet on several supply chain processes
Under this heading we have classified all the papers which aim is to analyse the impact of the Internet on several supply chain processes. Seven papers have been classified into this category. Gunasekaran, Marri et al. (2002) and Sarkis, Meade et al. (2004) are conceptual papers. Gunasekaran, Marri et al. (2002) define e-commerce and examine its application in manufacturing, retailing and service operations. Sarkis, Meade et al. (2004) focus on a discussion of forward and reverse e-logistics and their relationship to the natural environment.
Cagliano, Caniato et al. (2003), Muffatto and Payaro (2004) and Croom (2005) are empirically based papers. Cagliano, Caniato et al. (2003) explore the actual adoption of Internet technologies in several supply chain processes by a large sample of European manufacturing firms. And in 2005 they provide an update of the previous paper (see Cagliano, Caniato et al., 2005) . Muffatto and Payaro (2004) analyse the benefits achieved in the procurement and fulfilment processes as a result of the Internet usage in these processes. Croom (2005) through an interview study with a large sample of organisations analyses the impact of e-business on supply chain strategy, examining three representative areas of SCM: the procurement, CRM and fulfilment processes.
The paper of Robinson, Sahin et al. (2005) is a simulation-based paper which aim is to investigate the impact of electronic replenishment (the seamless automation of the buyer's procurement and vendor's fulfilment processes) on the operational activities and performance of a make-to-order supply chain. Johnson and Whang (2002) and conduct a literature review. Johnson and Whang (2002) examine how the web is changing SCM and classify the papers into three main categories: e-commerce, e-procurement and e-collaboration. conduct a literature review focusing on the role and implications of IT in SCM. They classified the papers according to what they called the major components of IT-enabled SCM: strategic planning for IT in SCM, virtual enterprise and SCM, e-commerce and SCM, infrastructure for IT in SCM, Knowledge and IT management in SCM, and implementation of IT in SCM.
Our paper follows the same methodology as Johnson and Whang (2002) and , but it differs from them in the classification scheme and the framework used to classify the papers. We have classified the papers using a framework based on the idea that SCM is the management of supply chain processes. As Croom (2005) pointed out very recently, there is some debate about the scope of SCM and one way of dealing with the diversity of SCM definitions is to concentrate on the core processes and functions relating to the management of supply chains (for example, fulfilment, operations planning and procurement).
We defined e-SCM as the impact of the Internet on the integration of key business processes. Future studies should investigate the adoption of Internet enabling tools to facilitate integration along the supply chain. Some aspects to be studied are: in which processes is the Internet most used to integrate with other functional areas and/or supply chain members? In case of differences between processes, which are the reasons of these differences in the level of implementation of Internet enabling tools? Which are the benefits that companies are achieving with the implementation of the Internet in different supply chain processes? We expect more research on this area. In fact, the papers analysing the impact of the Internet on several supply chain processes have been published very recently.
Conclusions
It has been demonstrated that the Internet can have an important impact on the management of the supply chain and it can improve the competitiveness of firms. With the development of web-technologies, SCM will focus on helping decision makers better manage customer relationships, efficiently integrate internal processes and collaborate in real time with trading partners. In terms of managing customer relationships the Internet represents an efficient mean to communicate with customers. In the future we will see more companies collecting data as users navigate around their web-pages. In this sense, the Internet can generate a large amount of data, which can be very useful to CRM if analysed properly. In terms of integrating internal processes and with other trading partners, we will see how the Internet is a key enabler of integrative practices such as vendor managed inventory and CPFR.
The literature review undertaken on the topic has shown that e-SCM has been acknowledged as an outstanding topic in the supply chain literature in the most prestigious Operations Management and Logistics journals, especially after year 2000. However, our literature review has shown that there is a disjointed scattering of research activity that fails to clearly represent what we currently know about the effects of the Internet on SCM and what we still need to learn. In this paper we have attempted (1) to describe the impact that the Internet has on the different supply chain processes, (2) to review the existing literature on the topic, (3) to provide a framework for the analysis of e-SCM, and (4) to identify further lines of research.
Although the literature review is not exhaustive (other management journals should have also been reviewed, such as Marketing and Information Systems journals), it serves as comprehensive base for understanding the impact of the Internet on SCM. Our paper has followed the same methodology as the literature reviews of Johnson and Whang (2002) and , but it differs from them on the objectives established and the results achieved. Johnson and Whang (2002) explored how e-business was changing the supply chain and examined the rapidly evolving research in this area. They classified 30 papers into three categories: e-commerce, e-procurement and e-collaboration. They provided a summary of what these papers were covering but they did not identify further lines of research. reviewed 114 papers on IT in SCM and elaborated a framework for the development and implementation of IT in SCM. This literature review had the objective of classifying the papers to bring out pertinent factors that would support practitioners in their effort to achieve an IT-enabled SCM. They also provided some lines or further research for academicians. Our paper, as the paper, provides a framework to classify the existing research and identifies some lines of further research. One of the key contributions of our paper is that it presents a framework based on the idea that SCM is the management of key business processes, which has been recently adopted by many researchers (see for example, Romano and Vinelli, 2001; Cagliano, Caniato et al., 2003; Mills, Schmitz et al., 2004; Cousins, 2005; Croom, 2005; and Danese, Romano et al., 2006) .
We believe that this paper will be very helpful for practitioners and academicians. Practitioners are provided with some insights regarding which are the main effects of the Internet on SCM and which sources can be consulted in case of being interested in obtaining a deeper knowledge of the impact of the Internet in a specific area (for, example, a practitioner interested in adopting an e-procurement tool can review the papers classified under this topic).
Researchers are given a framework that classifies the existing literature. The value of this framework is a tool to help researchers synthesise the volume and breadth on what has been done on e-SCM. Researchers are also given some lines of further research.
We expect that the number of research papers in this area will increase significantly in the next years, given the increased interest in SCM and the Internet by academicians and practitioners. Some directions for further research that we have identified are: to conduct empirical studies about the impact of the Internet on several SCM processes, such as the reverse and the demand management processes which, so far, have been only considered by a couple of authors. Further research should also put more emphasis on conducting empirical studies regarding the implementation of the Internet in the product development process. Although e-fulfilment has been one of the most covered topics there are still some further lines of research in this area: to study new strategies to respond to the challenge of the last mile problem, and to conduct more empirical studies to explore what companies are doing to respond to this challenge and what are the results of the different actions taken. Eprocurement has been the most covered topic, especially the subtopics related with marketplaces and auctions. However, we identified some lines of further research related with this topic: to investigate the benefits and barriers of B2B procurement, and to analyse how to strategically segment e-procurement strategies.
